4.7% respectively, compared with the previous year. Also in 2007,
China issued its first National Environment and Health Action Plan
(2007-2015) (Ministry of Health of China 2007). The plan addresses
the need to establish nationwide surveillance networks for environment
and health, and for different government agencies and stakeholders
to share information and take responsibility. According to the action
plan, China will conduct national surveys to obtain accurate informa-
tion on the nature and extent of environmental pollution and its health
impact. China aims to form a comprehensive and efficient system for
environmental health by 2015. Furthermore, the Chinese government
will need to overcome policy and institutional barriers, such as lack of
effective legislation, mechanisms for interdepartmental coordination,
involvement of health authorities in environmental management, and
adequate staffing at the local level.
[ thank B. Chen and S. Xu for their comments.
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Human Data on Bisphenol A and
Neurodevelopment
doi:10.1289/ehp.0901610

In this issue of EHP, Braun et al. (2009) report that the concentration of
bisphenol A (BPA) in maternal urine from early pregnancy is associated
with female offspring having more externalizing behavior. Hyperactivity
and aggression are externalizing behaviors, and both are more frequent
in boys than in girls (H6lling et al. 2008; Stene-Larsen et al. 2009).
Sexually dimorphic behaviors in female rodents have been shown to be
masculinized by exogenous estrogens (Ryan and Vandenbergh 2006),
and BPA is weakly estrogenic in most experimental systems (Kuiper
et al. 1998). Early pregnancy is the time in humans when masculinizing
hormones first have their effects on the human brain (Cohen-Bendahan
et al. 2005). I congratulate Braun and colleagues for bringing forth
epidemiologic data on a topic for which it is most welcome and timely.
Regulators at the U.S. Food and Drug Administration are currently
reconsidering policy on BPA (U.S. FDA 2009). Thus, interpretation of
the new results needs especially careful consideration.

Although the conclusions reached by Braun et al. (2009) may
appear to be supported by the experimental literature, the role of
estrogen in development—especially in the brain—is different in
rodents and primates (Witorsch 2002). Although plasma estrogens
increase in both rodents and primates during pregnancy, the increase
in humans (Burney et al. 2008) is > 3 times that in rodents (Gonzalez
et al. 2003; Rodriguez-Cuenca et al. 2006); the absolute difference
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in estrogen levels between species is even
greater (Witorsch 2002). More important,
in the developing male rodent brain, testos-
terone is converted to estrogen, and it is this
estrogen that is responsible for masculine
behavior (Li et al. 2008). In rodents, a mas-
culinizing effect of low-dose BPA has been
demonstrated (Chapin et al. 2008; Ryan
and Vandenbergh, 2006). In developing male primate brains, how-
ever, testosterone appears to masculinize directly without an estrogen
intermediary (Li et al. 2008; Wallen and Hassett 2009). The syn-
thetic estrogen diethylstilbestrol, when administered during human
pregnancy, has no established effects on behavior of female offspring
(Cohen-Bendahan et al. 2005). According to Cohen-Bendahan
et al. (2005), “prenatal estrogen appears to have little effect on early
human development, perhaps because both males and females are
exposed to high levels of estrogen from the mother.” Furthermore, Li
et al. (2008) stated that “to the extent that endocrine disrupters such
as bisphenol A have been shown to duplicate or disrupt estradiol’s
action in the developing rodent nervous system ..., the relevance of
such effects for human brain and behavioral development is called
into question.”

Matthew P. Longnecker
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BPA, however, could have effects on the developing human brain
that result from interaction with the androgen receptor (Sun et al.
2006) or that are due to interference with effects of estrogens on
neural circuitry or plasticity that are unrelated to sexual differentia-
tion (Leranth et al. 2008). However, it is unclear whether such effects
might occur at low BPA doses such as those to which humans are
exposed. Thus, with respect to an assessment of a biologically plausible
mechanism for Braun et al.’s findings of an association in human
females only (Braun et al. 2009), the literature is ambiguous and not
especially supportive.

Although the sexual dimorphism of externalizing behavior is widely
recognized, absolute differences in externalized scores associated with
BPA cannot be determined using the sex-standardized data presented
(see Figure 1 in Braun et al. 2009). Thus, the size of the association
with BPA in girls cannot be compared with the size of the male—
female difference. Without this absolute difference (and corresponding
sex-specific data on distributions) for comparison, we cannot know
whether the largest estimated “effect” of BPA exposure is to produce
girls who behave like boys or girls who still behave like girls. Such a
close interpretation, before the results are confirmed by others, is per-
haps premature.

The most important information provided by Braun et al. (2009)
may be the correlation among urinary levels of BPA (on a creatinine
basis) at different times during pregnancy (< 0.11). This means that mea-
suring a single urine sample provides little information about longer-term
exposure. This is believable because labeled BPA has a half-life of hours
in humans (V6lkel et al. 2002), and exposure appears to vary from day
to day (Nepomnaschy et al. 2009). If this degree of difficulty in charac-
terizing longer—term exposure in pregnancy is true in general of BPA,
epidemiologists face a challenge in finding true associations between
developmental exposure with outcomes, should any exist.

With the challenge in characterizing exposure now more clear, the
exploration of other strategies may be a priority. For example, BPA can
form adducts with DNA in vive (Atkinson and Roy 1995; Izzotti et al.
2009). Could adducts of BPA with albumin be detectable and be a
better biomarker of exposure in humans? Other, improved biomarkers
of exposure in humans are also conceivable, although they may be less
feasible in routine studies (Fernandez et al. 2007).

Vigilance regarding potential adverse effects of ubiquitous, low-level
exposures is a necessity of modern life. Braun et al. (2009) present a
complete analysis of data on a critical topic. This initial report, however,
may raise unrealistic expectations about what epidemiologic studies can
contribute on this topic. Their findings bring to mind Tufte’s Evidence
Decay Cycle: “too often the first published study testing a new treat-
ment provides the strongest evidence that will ever be found” (Tufte
2006). Given the potential implications of Braun et al.’s findings to
human health, let us hope that these findings will not be confirmed in
humans and that the best evidence of adverse effects of BPA will come
from toxicology studies.

The author declares he has no competing financial interests.

Matthew P. Longnecker

Epidemiology Branch

National Institute of Environmental Health Sciences
National Institutes of Health

Department of Health and Human Services
Research Triangle Park, North Carolina

E-mail: lpngnecl @niehs.nih.goy

A 532

REFERENCES

Atkinson A, Roy D. 1995. In vivo DNA adduct formation by bisphenol A. Environ Mol Mutagen
26:60-66.

Braun J, Yolton K, Dietrich KN, Hornung RW, Ye X, Calafat A, et al. 2009. Prenatal bisphenol A
exposure and early childhood behavior. Environ Health Perspect 117:1945-1952.

Burney RO, Mooney SB, Giudice LC. 2008. Endocrinology of Pregnancy. Available:
Endotext.org/female/female13/femaleframe13.htm] [accessed 21 October 2009].

Chapin RE, Adams J, Boekelheide K, Gray LE Jr, Hayward SW, Lees PS, et al. 2008. NTP-CERHR
Expert Panel report on the reproductive and developmental toxicity of bisphenol A. Birth
Defects Res B Dev Reprod Toxicol 83:157-395.

Cohen-Bendahan CC, van de Beek C, Berenbaum SA. 2005. Prenatal sex hormone effects
on child and adult sex-typed behavior: methods and findings. Neurosci Biobehav Rev
29:353-384.

Gonzalez C, Alonso A, Fernandez R, Patterson AM. 2003. Regulation of insulin receptor sub-
strate-1 in the liver, skeletal muscle and adipose tissue of rats throughout pregnancy.
Gynecol Endocrinol 17:187-197.

Halling H, Kurth BM, Rothenberger A, Becker A, Schlack R. 2008. Assessing psychopathological
problems of children and adolescents from 3 to 17 years in a nationwide representative
sample: results of the German health interview and examination survey for children and
adolescents (KiGGS). Eur Child Adolesc Psychiatry 17(suppl 1):34-41.

Izzotti A, Kanitz S, D'Agostini F, Camoirano A, De Flora S. 2009. Formation of adducts by bisphenol A,
an endocrine disruptor, in DNA in vitro and in liver and mammary tissue of mice. Mutat Res
679:28-32.

Kuiper GG, Lemmen JG, Carlsson B, Corton JC, Safe SH, van der Saag PT, et al. 1998. Interaction
of estrogenic chemicals and phytoestrogens with estrogen receptor . Endocrinology
139:4252-4263.

Leranth C, Hajszan T, Szigeti-Buck K, Bober J, MacLusky NJ. 2008. Bisphenol A prevents the
synaptogenic response to estradiol in hippocampus and prefrontal cortex of ovariectomized
nonhuman primates. Proc Natl Acad Sci USA 105:14187-14191.

Li AA, Baum MJ, McIntosh LJ, Day M, Liu F, Gray LE Jr. 2008. Building a scientific framework for
studying hormonal effects on behavior and on the development of the sexually dimorphic
nervous system. Neurotoxicology 29:504-519.

Nepomnaschy PA, Baird DD, Weinberg CR, Hoppin JA, Longnecker MP, Wilcox AJ. 2009. Within-
person variability in urinary bisphenol A concentrations: measurements from specimens
after long-term frozen storage. Environ Res 109:734-737.

Rodriguez-Cuenca S, Gianotti M, Roca P, Proenza AM. 2006. Sex steroid receptor expression in
different adipose depots is modified during midpregnancy. Mol Cell Endocrinol 249:58-63.

Ryan BC, Vandenbergh JG. 2006. Developmental exposure to environmental estrogens alters
anxiety and spatial memory in female mice. Horm Behav 50:85-93.

Stene-Larsen K, Borge Al, Vollrath ME. 2009. Maternal smoking in pregnancy and externalizing
behavior in 18-month-old children: results from a population-based prospective study. J Am
Acad Child Adolesc Psychiatry 48:283-289.

Sun H, Xu LC, Chen JF, Song L, Wang XR. 2006. Effect of bisphenol A, tetrachlorobisphenol A and
pentachlorophenol on the transcriptional activities of androgen receptor-mediated reporter
gene. Food Chem Toxicol 44:1916-1921.

Tufte ER. 2006. Beautiful Evidence. Cheshire, CT:Graphics Press.

U.S. Food and Drug Administration. 2009. Bisphenol A. Available:
EoodlngredientsPackaging(ucm66145.hta [accessed 13 October 2009].

Valkel W, Colnot T, Csanady GA, Filser JG, Dekant W. 2002. Metabolism and kinetics of bisphenol A
in humans at low doses following oral administration. Chem Res Toxicol 15:1281-1287.

Wallen K, Hassett JM. 2009. Sexual differentiation of behaviour in monkeys: role of prenatal
hormones. J Neuroendocrinol 21:421-426.

Witorsch RJ. 2002. Low-dose in utero effects of xenoestrogens in mice and their relevance to
humans: an analytical review of the literature. Food Chem Toxicol 40:905-912.

VOLUME 117 | NUMBER 12 | December 2009 -+ Environmental Health Perspectives


mailto:Longnec1@niehs.nih.gov
http://www.endotext.org/female/female13/femaleframe13.htm
http://www.endotext.org/female/female13/femaleframe13.htm
http://www.fda.gov/Food/FoodIngredientsPackaging/ucm166145.htm
http://www.fda.gov/Food/FoodIngredientsPackaging/ucm166145.htm

